Summary
The characteristics and location of rat intestinal proteins with calcium binding properties were reexamined using both a 45Ca -equilibrated Sephadex G-100 column and the chelex 100 method in the assay of 45Ca binding activity. The rat intestinal mucosa was found to have three different proteins with calcium binding properties. Two of these proteins were found to be vitamin D-dependent and were examined in detail. The larger vitamin D-dependent protein, found predominantly in the jejunum and ileum, had a molecular weight of 27,000 and demonstrated low affinity for calcium; the detection of this protein by the chelex 100 assay was very difficult. The smaller vitamin D-dependent protein, which was associated mainly with duodenum and jejunum, had a molecular weight of 12,500, and demonstrated a high affinity for calcium.
Since the discovery of a vitamin D-dependent calcium-binding protein (CaBP) in chick duodenal mucosa (1) , similar proteins with calcium binding properties have been detected in the intestinal mucosa of several species, viz, rat (2) (3) (4) , hu man (4) (5) , dog (6) , monkey, calf (7) and pig (4) . At the present time, CaBP is thought to be one of the important factors for the intestinal Ca-transport process regulated by vitamin D (8) .
Chick CaBP has been purified and studied extensively, and the molecular weight of it is in the range of 24,000-28,000 (9) .
In the rat intestinal mucosa, at least two different CaBPs have been detected. One of the proteins, present both in normal and vitamin D-deficient animals, is characterized by being eluted in the void volume of Sephadex G-100 columns. The second CaBP is not found in vitamin D-deficient animals, but can be induced 251 by readministration of vitamin D. Most investigators have demonstrated that the molecular weight of this vitamin D-dependent CaBP is in the range of 8,000 -13,000 (3, 4) . However, OOIZUMI et al. (2) , using different techniques for frac tionation and 45Ca binding assay, obtained a molecular weight of 24,000 for this protein. This protein was obtained from the mucosa of the entire small intestine 16hr after the administration of 2,000 IU of vitamin D3 and was assayed for 45Ca binding activity on 45Ca-equilibrated Sephadex G-25 columns . On the other hand, DRESCHER et al. isolated a CaBP of the molecular weight of 8,000 from duodenal mucosa 72hr after the administration of 500 IU vitamin D3 and employed chelex 100 for 45Ca binding assay (3) .
The dicrepancy in the above findings suggests either the existence of two different vitamin D-dependent CaBPs or the formation of artifacts during the course of preparation.
In order to clarify this dicrepancy, we have reexamined the properties of the vitamin D-dependent CaBPs with our particular attention directed towards 1) the assay methods for 45Ca binding activity, 2) the part of intestine used for protein isolation and 3) the time required to induce this protein in the vitamin D-deficient rats.
METHODS

1.
Animals 
Appearance of two different vitamin D-dependent CaBPs following the admin istration of vitamin D3 to vitamin D-deficient rats
When cytosol from the mucosa of small intestine of vitamin D-deficient rats was fractionated on a 45Ca-equilibrated Sephadex G-100 column, a 45Ca binding peak eluted with the void volume ( Fig. 1-A) . The fractionation of cytosol from vitamin D-repleted mucosa resulted in the appearance of three 45Ca binding peaks, namely peak I, eluting at void volume; peak II, Ve/Vo=1.84, and peak III, Ve/Vo= 2.47 ( Fig. 1-B, C) . Peak I was identical with the 45Ca binding peak obtained from vitamin D-deficient cytosol.
The appearance of peak II and III was dependent on vitamin D administra tion, the amount of peak III increased with increased time after vitamin D3 ad ministration.
Except for the elution areas of 45Ca binding activity of peak II, the protein profiles from both mucosal preparations were very similar. When the fractions obtained from the Sephadex G-100 column were assayed by the competitive method using chelex 100 cation exchange resin and radioac tive calcium, the 45Ca binding activity of peaks I and III was similar to that ob tained with the 45Ca equilibrated Sephadex G-100 column, while that of peak II was much lower (Fig. 1-C) .
Distribution of CaBPs in various parts of small intestine
The calcium binding activity was found to be different in various parts of small intestine. When assayed on the 45Ca-equilibrated Sephadex G-100 column, duodenal supernatants demonstrated a high activity in peak III area, while peak II activity in this part of the intestine was negligible (Fig. 2-A) . In the jejunum, however, peak II activity was increased, while that of peak III was decreased, so that their levels of activity were almost equal (Fig. 2-B) . The 45Ca binding ac tivity of ileum was generally very low, with almost a complete disappearance in the peak III area (Fig. 2-C) . Each part of the small intestine had a distinct overall protein profile of their own.
The results obtained using the chelex 100 assay were different from those obtained by the Sephadex gel filtration method. The major difference was in the peak II activity, which was found to be extremely low (Table 1) .
Determination of molecular weight
Molecular weights of the two different CaBPs were determined on calibrated a Chelex assay was performed with fraction 33 (peak I) , fraction 60 (peak II) and fraction 81 (peak III). Binding activity was expressed as percent 45Ca remaining in supernatant/mg protein.
Values are the means of 3 determinations. b 45Ca binding activity was calculated from Fig . 2-B. 1nmole=1,400cpm .
Sephadex G-100 columns. The CaBP of Ve/Vo=1.84 was estimated to have a molecular weight of 27,000 and the CaBP that had a Ve/Vo=2.47 was estimated to have a molecular weight of 12,500 (Fig. 3) . 
DISCUSSIONS
In our studies, we have examined the various 45Ca binding proteins of the rat small intestinal mucosa using two methods, 45Ca-equilibrated Sephadex G-100 column gel filtration and chelex assay. These studies clearly demonstrate the existence of at least three different calcium-binding proteins. A protein of mini mum molecular weight of 100,000 was present in all sections of the small intestine and was found in both vitamin D-deficient and repleted rats, and appears to correspond to the large CaBP (molecular weight 145,000) obtained by OOIZUMI et al. (2) who used 45Ca-equilibrated Sephadex G-25 column in their assays. A vitamin D-dependent CaBP, molecular weight 27,000, was found predominantly in the jejunum and ileum and appears to correspond to the protein with a mole cular weight of 24,000 which was isolated from the entire small intestine by OO IZUMI et al. (2) . DRESCHER et al. (3) and HITCHMAN and HARRISON (4), however, were unable to demonstrate this protein.
Our present experiments clearly in dicate that this discrepancy is due to differences in the isolation and assay pro cedures. The above workers (3, 4) examined only the duodenum, which we found to be a part of intestine that does not produce significant amounts of this CaBP. Furthermore, we found this protein to have a very low affinity when measured by the chelex assay (Table 1) , a method which was employed by these workers and which accounts for the lack of detection of this protein.
Our studies also demonstrate the existence of a vitamin D-dependent CaBP of molecular weight of 12,500, which is found mainly in the duodenum, is easily detected by chelex assay and appears to correspond to the low molecular weight calcium binding protein reported by DRESCHER et al. (3) . The synthesis or activa tion of this protein was much more vitamin D-dependent than that of the vitamin D-dependent CaBP found in the jejunum and ileum: the amount of the duodenal CaBP increased severalfold with prolongation of the induction period. OOIZUMI et al. were unable to detect this protein, because in their purification step they used a molecular sieve (UM-20E membrane) which excludes proteins of molecular weight smaller than 20,000.
The transfer of calcium across the intestine occurs by at least two processes: active transport and diffusion. It is well known that duodenal Ca transport is an active process, while that in the jejunum and ileum is by a simple or facilitated diffusion; both processes, however, are influenced by vitamin D (14) (15) (16) (17) . It is therefore very likely that the CaBP of molecular weight of 12,500 is associated with the active transport of calcium while the CaBP of molecular weight of 27,000 is related to Ca diffusion process. This hypothesis will be subjected to further examination in our future studies.
